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ARTICLE INFO ABSTRACT

Handling editor: F Kandziora Introduction: Adult spinal deformity (ASD) is a debilitating pathology that arises from a variety of etiologies.
Spinal fusion surgery is the mainstay of treatment for those who do not achieve symptom relief with conservative
interventions. Fusion surgery can be complicated by a secondary deformity termed proximal junctional kyphosis
(PJK).

Research question: This scoping review evaluates the modern body of literature analyzing risk factors for PJK
development and organizes these factors according to a multifactorial framework based on mechanical, tissue or
demographic components.

Materials and methods: An extensive search of the literature was performed in PubMed and Embase back to the
year 2010. Articles were assessed for quality. All risk factors that were evaluated and those that significantly
predicted the development of PJK were compiled. The frequency that a risk factor was predictive compared to
the number of times it was evaluated was calculated.

Results: 150 articles were reviewed. 57.3% of papers were of low quality. 76% of risk factors analyzed were
focusing on the mechanical contribution to development of PJK versus only 5% were focusing on the tissue-based
contribution. Risk factors that were most frequently predictive compared to how often they were analyzed were
Hounsfield Units of vertebrae, UIV disc degeneration, paraspinal muscle cross sectional area and fatty infiltra-
tion, ligament augmentation, instrument characteristics, postoperative hip and lower extremity radiographic
metrics, and postoperative teriparatide supplementation.

Discussion and conclusion: This review finds a multifactorial framework accounting for mechanical, patient and
tissue-based risk factors will improve the understanding of PJK development.

Keywords:

Proximal junctional kyphosis
Adult spinal deformity

Spine fusion

Adjacent segment disease
Conceptual framework

1. Introduction in select cases. Surgical correction, in the form of spinal fusion, however,
is an often-necessary option, to improve pain and other associated dis-
abilities after conservative measures have been exhausted and have

failed.

Amongst the aging population, adult spinal deformity (ASD) has an
estimated prevalence between 32% and 68% (Kebaish et al., 2011;

Francis, 1988). ASD is a broad term comprising disorders such as spinal
scoliosis, hyperkyphosis, deformity secondary to degenerative disc dis-
ease, iatrogenic, and traumatic deformity — all of which contribute to the
development of chronic pain, focal neurologic deficits and poor
self-image. Though more insidious, ASD is also associated with signifi-
cantly higher rates of depression, anxiety and a disability burden similar
to that of patients with lung cancer (Diebo et al., 2018a, 2018b), which
highlights the severe morbity associated with the sydrome. Conservative
management includes interventions such as physical therapy, various
oral analgesic modalities, interventional local procedures, and bracing
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A significant complication of spinal fusion to correct ASD is proximal
junctional kyphosis (PJK), which is defined as a sagittal Cobb angle of
10-20° between the upper instrumented vertebrae (UIV) and the
vertebrae two levels above (UIV+2), or 10-15° greater than the pre-
operative measurement (Glattes et al., 2005; Bridwell et al., 2013;
O’Shaughnessy et al., 2012; Helgeson et al., 2010). The current reported
incidence of PJK is between 17 and 46% (Kim et al., 2012a, 2016; Lau
et al., 2014). Patients who suffer from PJK experience a similar
constellation of symptoms as they did prior to surgery, including
continued, or new, neurological deficits, vertebral fractures, poor
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Fig. 1. PRISMA Diagram for literature search and selection.

self-image, debilitating pain, and overall decreased quality of life often
resulting in the need for a revision surgery that is requires an extension
of levels resulting in further compromise in mobility from the length of
the fusion construct (Kim et al., 2016; Lau et al., 2014).

Generally, investigations aimed at surgical complications have
focused on intraoperative and perioperative factors. Accordingly, there
are decades of research investigating intraoperative mechanical in-
terventions designed to decrease the risk of PJK, including which de-
vices to use, what degree of correction to target, what approach to use,
whether to use adjunctive soft tissue supports and the length and

location of instrumentation (Arora et al., 2023; Sardar et al., 2021).
Despite the heterogenous and multifactorial nature of ASD, both pre and
postoperative factors’ (outside of the intraoperative and perioperative
period) contributions to PJK risk are traditionally understudied. Post-
operative metrics are generally limited to static sagittal radiographic
measurements of spinal alignment and the use of postoperative bone
fortifying medications. Many risk factors for PJK have been evaluated
and identified in the past decade; however, the more often studied
radiographic and mechanical risk factors have limited predictability
(Hills et al., 2022; Johnson et al., 2023).

Table 1
Certainty of conclusion evaluation using GRADE criteria for included papers.
Records Type of Risk of Precision  Consistency  Directness  Certainty
Evidence Bias
(Li et al., 2022; Yagi et al., 2022; Kaufmann et al., 2022; Takasawa et al., 2022; Katsuura et al., 2 0 1 0 0 Moderate
2022; Lafage et al., 2017a, 2020; Park et al., 2020a; Kim et al., 2020a; Daniels et al., 2019;
Line et al., 2020; Pennington et al., 2019; Sebaaly et al., 2018a; Nicholls et al., 2017)
(Bridwell et al., 2013; O’Shaughnessy et al., 2012), (Hills et al., 2022), [48-130] 2 0 0 0 0 Low
(Kolz et al., 2022; Kim et al., 2013) 2 -1 1 0 0 Low
(Hyun et al., 2016), (Liao et al., 2022; Tsutsui et al., 2022; Lord et al., 2021; Sakuma et al., 2 0 -1 0 0 Very low
2021; Cazzulino et al., 2021; Harris et al., 2021; Denduluri et al., 2021; Funao et al., 2021;
Yao et al., 2021b; McDonnell et al., 2020; Lee et al., 2020; Hasegawa et al., 2021; Eleswarapu
et al., 2022; Ha et al., 2021; Taneichi et al., 2020; Park et al., 2020c; Ha et al., 2019; Ohba
et al., 2018; Matsumura et al., 2018; Zhao et al., 2018; Yasuda et al., 2017; Raman et al.,
2017; Sun et al., 2017; Park et al., 2017a; Kim et al., 2017; Park et al., 2017b; Yan et al.,
2017; Glassman et al., 2016; Nasto et al., 2016; Yagi et al., 2014; Lee et al., 2014;
Hassanzadeh et al., 2013; Theologis et al., 2015)
Vital et al. (2021) 2 -1 0 0 -1 Very low
(Ohba et al., 2022; Moon et al., 2020; Arima et al., 2018; Protopsaltis et al., 2018; Wang et al., 2 -1 0 0 0 Very low
2016; Fujimori et al., 2014)
Im et al. (2020) 2 0 0 -1 0 Very low
(Kikuchi et al., 2021; Choi et al., 2019; McClendon et al., 2016) 2 -1 -1 0 0 Very low
Yilgor et al. (2018) 2 -1 0 -1 -1 Very low
(Park et al., 2018; Zhu et al., 2018) 2 0 0 0 -1 Very low
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Table 2
List of risk factors investigated across all reviewed papers. The frequency they were evaluated and rate at which they were found to be predictive is reported.
Preoperative Intraoperative Postoperative
Mechanical Variable Evaluated Predictive Variable Evaluated Predictive Variable Evaluated Predictive
(n) risk factor (n) risk factor (n) risk factor
Thoracic Kyphosis 69 18% Surgical Approach 54 19% Thoracic 62 29%
(TK) kyphosis
PI-LL 57 11% Global correction 81 27% PI-LL 51 18%
UIV Angle 6 0% Thoracic correction 35 26% Global 130 15%
alignment
Global alignment 133 20% Lumbar correction 68 21% UIV angle 33%
Coronal deformity 19 5% Pelvic correction 49 10% Coronal 12 0%
deformity
Lumbar spine 69 6% Fused Levels 45 16% Lumbar spine 69 28%
alignment alignment
Pelvic parameters 172 10% uiv 71 39% Pelvic 130 30%
parameters
Hip/LE metrics 6 0% LIV 51 29% Hip/LE metrics 4 75%
Instrument 45 42%
characteristics
Tissue BMD 46 37% Posterior Junctional 12 67% Teriparatide 2 100%
Tethering/Ligament
Augmentation
Hounsfield Units 5 100% Mersilene Tape 2 100% Brace 1 0%
(HU) of Vertebrae Ligament
Augmentation
Teriparatide 2 0% Cement 13 23%
/bisphosphonate Augmentation/
Vertebroplasty
Fatty infiltration 4 50% UIV Vertebroplasty 2 0%
Paraspinal muscle 8 75% BMP 3 33%
CSA
CSA of UIV disc 1 0%
UIV disc 1 100%
degeneration
Demographic ~ Age 95 18% Comorbidities 20 15%
BMI 61 7% Patient 25 24%
reported
outcomes
Sex 67 6%
Patient reported 45 2%
outcomes
Comorbidities 26 23%
Spine pathology 20 15%
history

The role of soft tissue health — namely muscle, ligament, and disc - in
the development of PJK is gaining attention (Gengyu et al., 2022). For
example, studies finding muscle atrophy to be a risk factor for PJK date
back to as early as 2016 (Hyun et al., 2016), Though this finding is
increasingly acknowledged in recent literature (Chen et al., 2023; Zhang
et al., 2022; Pinter et al., 2023), there remains a need for a scoping
multifactorial framework to conceptualize this complex phenomenon
(Haldeman et al., 2022). The purpose of our investigation is to provide a
comprehensive review of risk factors impacting PJK across the full tra-
jectory of patient care and to create a conceptual framework for the
multifactorial contribution of preoperative, intraoperative, and
post-operative risk factors for development of PJK.

2. Methods

A systematic review was performed according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
guidelines (Page et al., 2021). PubMed/MEDLINE (National Library of
Medicine) and Embase (Elsevier) were searched by one author (P.B.H.)
in March 2022 using the following search term: "Proximal Junctional
Kyphosis" OR "Proximal Junctional Failure". The results were restricted
to a published year as early as 2010. A restriction was chosen so as to
include the majority of only contemporary literature on this topic. A
histogram of years in which this topic was published was consulted, and
an inflection point was noted at the year 2010. There were no re-
strictions on language, data, or article type upon initial search.

After completing the search, duplicates were excluded. Remaining
articles were screened for the following inclusion criteria: 1) published
or translated into English, 2) presenting primary data, 3) population
with mean age >18 years; and exclusion criteria: 1) conference ab-
stracts, 2) case reports, 3) in silico studies, 4) technical notes and 5)
exclusively ankylosing spondylitis, rheumatoid arthritis or osteogenesis
imperfecta populations. Finally, records were reviewed by two authors
(P.B.H. and B.S.) to evaluate if PJK was included as a primary endpoint.
Records were also stratified according to their evaluation of pre, intra, or
postoperative risk factors for PJK development (Fig. 1).

Each record was evaluated for quality by applying the Grading of
Recommendations, Assessment, Development and Evaluations (GRADE)
criteria (Guyatt et al.,, 2011a, 2011b, 2011c, 2011d, 2011e, 2011f,
2011g, 2011h, 2013; Balshem et al., 2011; Mustafa et al., 2013)
(Table 1). Discrepancies were resolved by discussion between two au-
thors (P.B.H. and B.S.). No meta-analysis was conducted given hetero-
geneity in study designs and outcomes of the included studies.

All included records underwent a thorough full article review and
data extraction. This consisted of recording all reported independent
variables (predictor risks) for PJK development that were evaluated in
each study and stratifying them based on if they were mechanical, tissue,
or demographic in nature. If a risk factor was demonstrated to have
statistical significance with respect to predicting PJK, it was captured as
such. Given the volume of individual factors identified, common risks
were categorized according to region or construct. For example, pelvic
incidence, pelvic tilt and sacral slope were condensed into a single
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Fig. 3. Distribution of publication focus across mechanical, tissue, and demographic-based risk factors for PJK (a), and proportion of risk factors that are significantly

predictive within each category (b).

category entitled, “pelvic parameters”. A list of all individual parameters
and their respective condensed categories is provided in Supplementary
Table 1. Finally, the percentage of instances in which a risk factor was
statistically significant relative to the total number of papers reporting
that risk factor was included in the literature was calculated.

3. Results
3.1. Study selection

A total of 1483 studies were identified when searching PubMed and
Embase databases. 850 studies remained after duplicates were removed.
254 were included for full text review and 150 underwent data extrac-
tion (Fig. 1). Of those records, 115 included assessment of preoperative
risk factors, 130 included intraoperative and 92 included postoperative
factors (Fig. 2a).

3.2. Quality assessment

When the GRADE criteria were applied to all 150 studies that un-
derwent data extraction, 14 were deemed to be of moderate quality
(MQ), 86 were low quality (LQ), and 50 were very low quality (VLQ)

(Table 1, Fig. 2b). 14 studies received 1 point increase in their valuation
due to their increased precision and were assigned MQ. 84 studies were
assigned LQ based on their study design and did not have a decrease or
increase in their valuation. 2 studies had a 1-point increase in valuation
for precision but also had a decrease in valuation due to risk of bias being
present, thus remained LQ. 36 VLQ studies received a decrease in
valuation for imprecision. 1 VLQ study received a decrease for risk of
bias and indirectness. 6 VLQ studies received a decrease for risk of bias.
1 VLQ study received a decrease for inconsistency. 3 VLQ studies
received a decrease for risk of bias and imprecision. 1 VLQ study
received a decrease for risk of bias, inconsistency, and indirectness. 2
VLQ studies received a decrease for indirectness (Table 1).

3.3. Publication focus and significance rate

Across all publications, the majority of risk factors studied were
focused on mechanical features (76%), whereas tissue-based features
were the least studied (5%) (Fig. 3a). Of the studies including me-
chanical risk factors, 20% of the variables were found to be significant,
whereas 12% of the demographic risk factors were significant, and 46%
of the tissue-based risk factors were found to be significant. When tissue-
based risk variables were further broken down to determine the tissue of
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interest, muscle tissue impairments were significant 89% of the time,
bony features were 38% of the time, disc features were significant 50%
of the time, and ligament features were significant 71% of the time
(Fig. 3b).

3.4. Risk factors driving PJK (Table 2)

3.4.1. Mechanical risk factors

Preoperative mechanical alignment factors were evaluated most
often across all categories, and amongst them, pelvic alignment pa-
rameters were most frequently studied (172 papers), though, were only
found to be statistically significant in 10% of papers. Conversely, global
alignment was evaluated the second most often (133 papers) but was
found to be most often significant (20%), followed by thoracic kyphosis
(18%) amongst preoperative mechanical factors. Upper instrumented
vertebrae (UIV) angle and Hip/Lower Extremity metrics were not often
studied and were never found to be significant predictors. Amongst
mechanical considerations, intraoperative factors that were most pre-
dictive of PJK development were instrument characteristics (42%) and
ULV location (38%). The positivity rates for degree of global, thoracic or
lumbar correction were similar, ranging from 21 to 27%, with pelvic
correction demonstrating the lowest positivity rate at 10%. Post-
operatively, hip and lower extremity (LE) metrics were the most positive
risk factor (75)%, although this rate was based on a very low paper
number (4 papers). Global alignment and pelvic parameters were
studied most prevalently (130 papers each) but had relatively low rates
of positivity (15% and 30% respectively). Interestingly, coronal defor-
mity was negative for all included studies.

3.4.2. Tissue-based risk factors

Bone mineral density (BMD) was the most frequently studied pre-
operative tissue-based risk factor, accounting for over 65% of the tissue-
based papers. Vertebral Hounsfeld Units (HU’s) and UIV disc

degeneration were always found to be significant predictors of risk
though were very seldom studied. Paraspinal muscle cross sectional area
(CSA) was the second most often studied preoperative tissue-based
factor, representing approximately 13% of the tissue-based studies,
and was significant in 75% of papers. The most commonly studied
intraoperative tissue-based risk factor was cement augmentation/ver-
tebroplasty, representing 41% of papers. This was followed by studies on
ligament augmentation with Mersilene tape or posterior junctional
tethering, demonstrating 100% and 67% predictivity respectively.
Postoperative supplementation with teriparatide was only studied twice
in the literature but was found to be a significant predictor of decreased
risk in both studies, whereas there was no positive evidence for post-
operative bracing.

3.4.3. Demographic risk factors

Amongst preoperative demographic factors, associated comorbid-
ities and age were most and second most often significant, respectively,
whereas preoperative patient reported outcomes were the least often
significant. Conversely, amongst postoperative demographic factors,
patient reported outcomes were most often significant. Preoperative
BMI and sex were not often found to be significant.

4. Discussion

This systematic review explored the body of literature analyzing risk
factors for the development of PJK since the year 2010. Overall, we
found the majority of literature in this area is of low quality and is driven
by retrospective investigations of mechanically focused intraoperative
risk factors. Interestingly, despite the preponderance of literature on
mechanical risk factors, our findings suggest that tissue-specific factors
related to muscle, bone and ligament health, are the most consistently
significant predictors of PJK development. Specifically, our findings
demonstrate that higher preoperative bone density as measured by
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Fig. 5. Conceptual framework for the understanding of proximal junctional kyphosis.

Hounsfield Units, greater preoperative paraspinal muscle size, and
postoperative use of teriparatide are consistently protective against PJK
development. Of mechanical and alignment-based risk factors, only
postoperative hip and lower extremity alignment metrics demonstrated
consistent significance, although this observation may be influenced by
publication bias due to its low prevalence (only 4 papers). Similarly, no
demographic characteristics demonstrated significance a majority of the
time. A visual representation of the consistency of a given risk factor for
significance can be found in Fig. 4.

Only in the past 2 years has the role of tissue health in development
of PJK become more recognized in the context of summary literature
reviews (Gengyu et al., 2022; Chen et al., 2023; Dubousset et al., 2023;
Rahmani et al., 2022; Han et al., 2022). However, many reviews still
focus on intraoperative mechanical or alignment-based metrics (Sardar
etal., 2021; Shlobin et al., 2022). Historically, tissue health, particularly
soft tissue health (e.g. muscle and ligament) seems to be relatively
overlooked in surgical practice. This may be secondary to the perception
that, in the hands of the surgeon, the most modifiable and actionable
component of ASD treatment occurs with surgical approach and
correction of malalignment. Although technically this may be the area
where there is most room for surgical change, it does not preclude the
idea that a key part of managing a surgical candidate occurs outside of
the intraoperative window (i.e. preoperative testing and planning). As
such, the surgeon may provide essential preoperative education and
recommend interdisciplinary management across the full trajectory of
care to optimize surgical outcomes.

For example, current guidelines suggest improving bone health prior
to surgery to reduce poor outcomes is warranted (Management of
Osteoporosis in Postmenopausal Women: The Position Statement of The

North American Menopause Society’’ Editorial and P, 2021), however,
use of pharmacologic adjuvants or physical activity recommendations
by surgeons in the presence of known osteoporosis is still low (Jain et al.,
2022). Similarly, although many patients undergo some form of con-
servative management prior to surgical authorization, this management
is often designed for pain control (e.g. injections, pharmacological pain
management, education, or bracing), and the concept of “pre-
habilitation” with a focus on improving health of the paraspinal muscles
around the boundaries of the planned surgical construct is not typical
(Eubanks et al., 2023), despite evidence suggesting its efficacy. Gener-
ally, reducing PJK risk may require a more intentional peri-operative
management strategy that incorporates specific non-surgical manage-
ment to optimize tissue health pre- and postoperatively - as directed by
the surgeon in accordance with the planned surgical procedure.

This review of the literature suggests that a multidimensional
approach may improve our understanding of the factors leading to PJK
development. Considering that postoperative loss of sagittal balance
occurs secondary to a variety of interacting etiologies, an enhanced
knowledge of the relationship between spinal biomechanics and soft
tissue physiology will help usher spine surgery into the era of person-
alized medicine. This new, broad evidence-based framework (Fig. 5)
serves to integrate under-recognized and emerging risks into the current
body of evolving and well-recognized operative and biomechanical risk
factors for the development of PJK.

These data and recommendations are not without limitations. As
illustrated above, the literature is predominantly of low quality and
retrospective in design. Considering high quality evidence is mostly
reserved for prospective studies, and that risk factor studies are,
generally, epidemiological in nature, this finding is not unexpected. This
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does, however, provide a degree of uncertainty, which one must have
when interpreting conclusions. In light of the discrepancy between the
volume of studies where mechanical factors are analyzed, and their
relative significance, prospective studies taking a multifaceted and
multiphase view of risk are needed. Additionally, it should also be noted
that of the 150 papers that underwent full text review in our analysis, it
was found that single databases, such as the International Spine Study
Group (ISSG) database, were often used by multiple different authors,
possibly leading to a bias in the factors that were analyzed.

Funding
Not applicable.
Availability of data and material
Not applicable.
Code availability
Not applicable.
Ethics approval
Not applicable.
Consent to participate
Not applicable.
Consent for publication

Not applicable.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Samuel R. Ward reports a relationship with San Diego Spine Foundation
that includes: board membership. Samuel R. Ward reports a relationship
with NuVasive Inc that includes: funding grants. If there are other au-
thors, they declare that they have no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.bas.2024.102807.

References

Arima, H., Glassman, S.D., Dimar 2nd, J.R., et al., 2018. Neurologic comorbidities
predict proximal junctional failure in adult spinal deformity. Spine Deform 6 (5),
576-586. https://doi.org/10.1016/j.jspd.2018.01.008.

Arora, A., Sharfman, Z.T., Clark, A.J., et al., 2023. Proximal junctional kyphosis and
failure: strategies for prevention. Neurosurg. Clin. 34 (4), 573-584. https://doi.org/
10.1016/j.nec.2023.06.004.

Balshem, H., Helfand, M., Schunemann, H.J., et al., 2011. GRADE guidelines: 3. Rating
the quality of evidence. J. Clin. Epidemiol. 64 (4), 401-406. https://doi.org/
10.1016/j.jclinepi.2010.07.015.

Bridwell, K.H., Lenke, L.G., Cho, S.K., et al., 2013. Proximal junctional kyphosis in
primary adult deformity surgery: evaluation of 20 degrees as a critical angle.
Neurosurgery 72 (6), 899-906. https://doi.org/10.1227/NEU.0b013e31828bacd8.

Cazzulino, A., Gandhi, R., Woodard, T., et al., 2021. Soft Landing technique as a possible
prevention strategy for proximal junctional failure following adult spinal deformity
surgery. J. Spine Surg. 7 (1), 26-36. https://doi.org/10.21037/jss-20-622.

Chen, J.W., McCandless, M.G., Bhandarkar, A.R., et al., 2023. The association between
bone mineral density and proximal junctional kyphosis in adult spinal deformity: a

Brain and Spine 4 (2024) 102807

systematic review and meta-analysis. J. Neurosurg. Spine 1-10. https://doi.org/
10.3171/2023.2.SPINE221101.

Choi, U.Y., Kang, J.I,, Park, J.Y., et al., 2019. Residence could influence the surgical
outcome after corrective surgery in adult spinal deformity: comparison study
between urban and rural area in Korea. Eur. Spine J. 28 (9), 2216-2222. https://doi.
org/10.1007/s00586-019-06042-w.

Daniels, A.H., Reid, D.B.C., Durand, W.M.,, et al., 2019. Upper-thoracic versus lower-
thoracic upper instrumented vertebra in adult spinal deformity patients undergoing
fusion to the pelvis: surgical decision-making and patient outcomes. J. Neurosurg.
Spine 1-7. https://doi.org/10.3171/2019.9.SPINE19557.

Denduluri, S.K., Koltsov, J.C.B., Ziino, C., et al., 2021. Rod-Screw constructs composed of
dissimilar metals do not affect complication rates in posterior fusion surgery
performed for adult spinal deformity. Clin. Spine Surg. 34 (2), E121-E125. https://
doi.org/10.1097/BSD.0000000000001058.

Diebo, B.G., Cherkalin, D., Jalai, C.M., et al., 2018a. Comparing psychological burden of
orthopaedic diseases against medical conditions: investigation on hospital course of
hip, knee, and spine surgery patients. J. Orthop. 15 (2), 297-301. https://doi.org/
10.1016/j.jor.2018.02.010.

Diebo, B.G., Lavian, J.D., Murray, D.P., et al., 2018b. The impact of comorbid mental
health disorders on complications following adult spinal deformity surgery with
minimum 2-year surveillance. Spine 43 (17), 1176-1183. https://doi.org/10.1097/
BRS.0000000000002583.

Dubousset, J., Diebo, B.G., 2023. Proximal junctional kyphosis in modern spine surgery:
why is it so common? Spine. Surg Relat Res 7 (2), 120-128. https://doi.org/
10.22603/ssrr.2022-0100.

Eleswarapu, A., O’Connor, D., Rowan, F.A., et al., 2022. Sarcopenia is an independent
risk factor for proximal junctional disease following adult spinal deformity surgery.
Global Spine J. 12 (1), 102-109. https://doi.org/10.1177/2192568220947050.

Eubanks, J.E., Carlesso, C., Sundaram, M., et al., 2023. Prehabilitation for spine surgery:
a scoping review. Pharm. Manag. PM R. https://doi.org/10.1002/pmrj.12956.

Francis, R.S., 1988. Scoliosis screening of 3,000 college-aged women. The Utah Study-
phase 2. Phys. Ther. 68 (10), 1513-1516.

Fujimori, T., Inoue, S., Le, H., et al., 2014. Long fusion from sacrum to thoracic spine for
adult spinal deformity with sagittal imbalance: upper versus lower thoracic spine as
site of upper instrumented vertebra. Neurosurg. Focus 36 (5), E9. https://doi.org/
10.3171/2014.3.FOCUS13541.

Funao, H., Kebaish, F.N., Skolasky, R.L., et al., 2021. Recurrence of proximal junctional
kyphosis after revision surgery for symptomatic proximal junctional kyphosis in
patients with adult spinal deformity: incidence, risk factors, and outcomes. Eur.
Spine J. 30 (5), 1199-1207. https://doi.org/10.1007/s00586-020-06669-0.

Gengyu, H., Jinyue, D., Chunjie, G., et al., 2022. The predictive value of preoperative
paraspinal muscle morphometry on complications after lumbar surgery: a systematic
review. Eur. Spine J. 31 (2), 364-379. https://doi.org/10.1007/s00586-021-07052-
3.

Glassman, S.D., Coseo, M.P., Carreon, L.Y., 2016. Sagittal balance is more than just
alignment: why PJK remains an unresolved problem. Scoliosis Spinal Disord 11, 1.
https://doi.org/10.1186/513013-016-0064-0.

Glattes, R.C., Bridwell, K.H., Lenke, L.G., et al., 2005. Proximal junctional kyphosis in
adult spinal deformity following long instrumented posterior spinal fusion:
incidence, outcomes, and risk factor analysis. Spine 30 (14), 1643-1649. https://doi.
0rg/10.1097/01.brs.0000169451.76359.49.

Guyatt, G., Oxman, A.D., Akl, E.A., et al., 2011a. GRADE guidelines: 1. Introduction-
GRADE evidence profiles and summary of findings tables. J. Clin. Epidemiol. 64 (4),
383-394. https://doi.org/10.1016/j.jclinepi.2010.04.026.

Guyatt, G.H., Oxman, A.D., Kunz, R., et al., 2011b. GRADE guidelines: 2. Framing the
question and deciding on important outcomes. J. Clin. Epidemiol. 64 (4), 395-400.
https://doi.org/10.1016/j.jclinepi.2010.09.012.

Guyatt, G.H., Oxman, A.D., Vist, G., et al., 2011c. GRADE guidelines: 4. Rating the
quality of evidence-study limitations (risk of bias). J. Clin. Epidemiol. 64 (4),
407-415. https://doi.org/10.1016/j.jclinepi.2010.07.017.

Guyatt, G.H., Oxman, A.D., Montori, V., et al., 2011d. GRADE guidelines: 5. Rating the
quality of evidence-publication bias. J. Clin. Epidemiol. 64 (12), 1277-1282.
https://doi.org/10.1016/j.jclinepi.2011.01.011.

Guyatt, G.H., Oxman, A.D., Kunz, R., et al., 2011e. GRADE guidelines 6. Rating the
quality of evidence-imprecision. J. Clin. Epidemiol. 64 (12), 1283-1293. https://
doi.org/10.1016/j.jclinepi.2011.01.012.

Guyatt, G.H., Oxman, A.D., Kunz, R., et al., 2011f. GRADE guidelines: 7. Rating the
quality of evidence-inconsistency. J. Clin. Epidemiol. 64 (12), 1294-1302. https://
doi.org/10.1016/j.jclinepi.2011.03.017.

Guyatt, G.H., Oxman, A.D., Kunz, R., et al., 2011g. GRADE guidelines: 8. Rating the
quality of evidence-indirectness. J. Clin. Epidemiol. 64 (12), 1303-1310. https://
doi.org/10.1016/j.jclinepi.2011.04.014.

Guyatt, G.H., Oxman, A.D., Sultan, S., et al., 2011h. GRADE guidelines: 9. Rating up the
quality of evidence. J. Clin. Epidemiol. 64 (12), 1311-1316. https://doi.org/
10.1016/j.jclinepi.2011.06.004.

Guyatt, G., Oxman, A.D., Sultan, S., et al., 2013. GRADE guidelines: 11. Making an
overall rating of confidence in effect estimates for a single outcome and for all
outcomes. J. Clin. Epidemiol. 66 (2), 151-157. https://doi.org/10.1016/j.
jclinepi.2012.01.006.

Ha, K.Y., Kim, Y.H., Oh, LS., et al., 2019. Clinical and radiographic features of subtypes
of acute proximal junctional failures following correction surgery for degenerative
sagittal imbalance. World Neurosurg 125, e304-e312. https://doi.org/10.1016/j.
wneu.2019.01.069.

Ha, A.S., Hong, D.Y., Coury, J.R., et al., 2021. Partial intraoperative global alignment
and proportion scores do not reliably predict postoperative mechanical failure in


https://doi.org/10.1016/j.bas.2024.102807
https://doi.org/10.1016/j.bas.2024.102807
https://doi.org/10.1016/j.jspd.2018.01.008
https://doi.org/10.1016/j.nec.2023.06.004
https://doi.org/10.1016/j.nec.2023.06.004
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1227/NEU.0b013e31828bacd8
https://doi.org/10.21037/jss-20-622
https://doi.org/10.3171/2023.2.SPINE221101
https://doi.org/10.3171/2023.2.SPINE221101
https://doi.org/10.1007/s00586-019-06042-w
https://doi.org/10.1007/s00586-019-06042-w
https://doi.org/10.3171/2019.9.SPINE19557
https://doi.org/10.1097/BSD.0000000000001058
https://doi.org/10.1097/BSD.0000000000001058
https://doi.org/10.1016/j.jor.2018.02.010
https://doi.org/10.1016/j.jor.2018.02.010
https://doi.org/10.1097/BRS.0000000000002583
https://doi.org/10.1097/BRS.0000000000002583
https://doi.org/10.22603/ssrr.2022-0100
https://doi.org/10.22603/ssrr.2022-0100
https://doi.org/10.1177/2192568220947050
https://doi.org/10.1002/pmrj.12956
http://refhub.elsevier.com/S2772-5294(24)00063-8/sref32
http://refhub.elsevier.com/S2772-5294(24)00063-8/sref32
https://doi.org/10.3171/2014.3.FOCUS13541
https://doi.org/10.3171/2014.3.FOCUS13541
https://doi.org/10.1007/s00586-020-06669-0
https://doi.org/10.1007/s00586-021-07052-3
https://doi.org/10.1007/s00586-021-07052-3
https://doi.org/10.1186/s13013-016-0064-0
https://doi.org/10.1097/01.brs.0000169451.76359.49
https://doi.org/10.1097/01.brs.0000169451.76359.49
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.09.012
https://doi.org/10.1016/j.jclinepi.2010.07.017
https://doi.org/10.1016/j.jclinepi.2011.01.011
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://doi.org/10.1016/j.jclinepi.2011.04.014
https://doi.org/10.1016/j.jclinepi.2011.04.014
https://doi.org/10.1016/j.jclinepi.2011.06.004
https://doi.org/10.1016/j.jclinepi.2011.06.004
https://doi.org/10.1016/j.jclinepi.2012.01.006
https://doi.org/10.1016/j.jclinepi.2012.01.006
https://doi.org/10.1016/j.wneu.2019.01.069
https://doi.org/10.1016/j.wneu.2019.01.069

P.B. Haldeman et al.

adult spinal deformity surgery. Global Spine J. 11 (7), 1046-1053. https://doi.org/
10.1177/2192568220935438.

Haldeman, P.B., Swan, A.R., Ward, S.R., et al., 2022. Letter to the Editor Re: "State of the
art: proximal junctional kyphosis-diagnosis, management and prevention". Spine
Deform 10 (4), 969-970. https://doi.org/10.1007/s43390-021-00420-5.

Han, X., Ren, J., 2022. Risk factors for proximal junctional kyphosis in adult spinal
deformity after correction surgery: a systematic review and meta-analysis. Acta
Orthop. Traumatol. Turcica 56 (3), 158-165. https://doi.org/10.5152/j.
aott.2022.21255.

Harris, A.B., Kebaish, F.N., Puvanesarajah, V., et al., 2021. Caudally directed upper-
instrumented vertebra pedicle screws associated with minimized risk of proximal
junctional failure in patients with long posterior spinal fusion for adult spinal
deformity. Spine J. 21 (7), 1072-1079. https://doi.org/10.1016/j.
spinee.2021.03.009.

Hasegawa, T., Ushirozako, H., Yamato, Y., et al., 2021. Impact of spinal correction
surgeries with osteotomy and pelvic fixation in patients with kyphosis due to
osteoporotic vertebral fractures. Asian Spine J. 15 (4), 523-532. https://doi.org/
10.31616/asj.2020.0016.

Hassanzadeh, H., Gupta, S., Jain, A., et al., 2013. 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 1 (4), 299-305.
https://doi.org/10.1016/j.jspd.2013.05.008.

Helgeson, M.D., Shah, S.A., Newton, P.O., et al., 2010. Evaluation of proximal junctional
kyphosis in adolescent idiopathic scoliosis following pedicle screw, hook, or hybrid
instrumentation. Spine 35 (2), 177-181. https://doi.org/10.1097/
BRS.0b013e3181c77f8c.

Hills, J.M., Weisenthal, B.M., Wanner, J.P., et al., 2022. A patient-specific approach to
alignment and proximal junctional kyphosis risk assessment in adult spinal
deformity surgery: development and validation of a predictive tool. Clin. Spine Surg.
35 (6), 256-263. https://doi.org/10.1097/BSD.0000000000001296.

Hyun, S.J., Kim, Y.J., Rhim, S.C., 2016. Patients with proximal junctional kyphosis after
stopping at thoracolumbar junction have lower muscularity, fatty degeneration at
the thoracolumbar area. Spine J. 16 (9), 1095-1101. https://doi.org/10.1016/j.
spinee.2016.05.008.

Im, S.K., Lee, J.H., Kang, K.C,, et al., 2020. Proximal junctional kyphosis in degenerative
sagittal deformity after under- and overcorrection of lumbar lordosis: does
overcorrection of lumbar lordosis instigate PJK? Spine 45 (15), E933-E942. https://
doi.org/10.1097/BRS.0000000000003468.

Jain, N., Labaran, L., Phillips, F.M., et al., 2022. Prevalence of osteoporosis treatment and
its effect on post-operative complications, revision surgery and costs after multi-level
spinal fusion. Global Spine J. 12 (6), 1119-1124. https://doi.org/10.1177/
2192568220976560.

Johnson, G.W., Chanbour, H., Ali, M.A., et al., 2023. Artificial intelligence to
preoperatively predict proximal junction kyphosis following adult spinal deformity
surgery: soft tissue imaging may Be necessary for accurate models. Spine 48 (23),
1688-1695. https://doi.org/10.1097/BRS.0000000000004816.

Katsuura, Y., Lafage, R., Kim, H.J,, et al., 2022. Alignment targets, curve proportion and
mechanical loading: preliminary analysis of an ideal shape toward reducing
proximal junctional kyphosis. Global Spine J. 12 (6), 1165-1174. https://doi.org/
10.1177/2192568220987188.

Kaufmann, A., Claus, C., Tong, D., et al., 2022. Multilevel stabilization screws prevent
proximal junctional failure and kyphosis in adult spinal deformity surgery: a
comparative cohort study. Oper Neurosurg (Hagerstown) 22 (3), 150-157. https://
doi.org/10.1227/0NS.0000000000000076.

Kebaish, K.M., Neubauer, P.R., Voros, G.D., et al., 2011. Scoliosis in adults aged forty
years and older: prevalence and relationship to age, race, and gender. Spine 36 (9),
731-736. https://doi.org/10.1097/BRS.0b013e3181e9f120.

Kikuchi, K., Miyakoshi, N., Abe, E., et al., 2021. Proximal junctional fracture and
kyphosis after long spinopelvic corrective fixation for adult spinal deformity.

J. Orthop. Sci. 26 (3), 343-347. https://doi.org/10.1016/].j0s.2020.03.016.

Kim, H.J., Lenke, L.G., Shaffrey, C.I, et al., 2012a. Proximal junctional kyphosis as a
distinct form of adjacent segment pathology after spinal deformity surgery: a
systematic review. Spine 37 (22 Suppl. 1), S144-S164. https://doi.org/10.1097/
BRS.0b013e31826d611b.

Kim, H.J., Bridwell, K.H., Lenke, L.G., et al., 2013. Proximal junctional kyphosis results
in inferior SRS pain subscores in adult deformity patients. Spine 38 (11), 896-901.
https://doi.org/10.1097/BRS.0b013e3182815b42.

Kim, H.J., Iyer, S., 2016. Proximal junctional kyphosis. J. Am. Acad. Orthop. Surg. 24
(5), 318-326. https://doi.org/10.5435/JAAOS-D-14-00393.

Kim, D.K., Kim, J.Y., Kim, D.Y., et al., 2017. Risk factors of proximal junctional kyphosis
after multilevel fusion surgery: more than 2 Years follow-up data. J Korean
Neurosurg Soc 60 (2), 174-180. https://doi.org/10.3340/jkns.2016.0707.014.

Kim, H.J., York, P.J., Elysee, J.C., et al., 2020a. Cervical, thoracic, and spinopelvic
compensation after proximal junctional kyphosis (PJK): does location of PJK matter?
Global Spine J. 10 (1), 6-12. https://doi.org/10.1177/2192568219879085.

Kolz, J.M., Pinter, Z.W., Sebastian, A.S., et al., 2022. Postoperative and intraoperative
cement augmentation for spinal fusion. World Neurosurg 160, e454-e463. https://
doi.org/10.1016/j.wneu.2022.01.046.

Lafage, R., Line, B.G., Gupta, S., et al., 2017a. Orientation of the upper-most
instrumented segment influences proximal junctional disease following adult spinal
deformity surgery. Spine 42 (20), 1570-1577. https://doi.org/10.1097/
BRS.0000000000002191.

Lafage, R., Beyer, G., Schwab, F., et al., 2020. Risk factor analysis for proximal junctional
kyphosis after adult spinal deformity surgery: a new simple scoring system to
identify high-risk patients. Global Spine J. 10 (7), 863-870. https://doi.org/
10.1177/2192568219882350.

Brain and Spine 4 (2024) 102807

Lau, D., Clark, A.J., Scheer, J.K., et al., 2014. Proximal junctional kyphosis and failure
after spinal deformity surgery: a systematic review of the literature as a background
to classification development. Spine 39 (25), 2093-2102. https://doi.org/10.1097/
BRS.0000000000000627.

Lee, J.H., Kim, J.U., Jang, J.S., et al., 2014. 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. 28 (2),
252-258. https://doi.org/10.3109/02688697.2013.835369.

Lee, K.Y., Lee, J.H., Kang, K.C,, et al., 2020. Spino-pelvic thresholds for prevention of
proximal junctional kyphosis following combined anterior column realignment and
short posterior spinal fusion in degenerative lumbar kyphosis. Orthop. Surg. 12 (6),
1674-1684. https://doi.org/10.1111/0s.12645.

Li, J., Xiao, H., Jiang, S., et al., 2022. Risk factors and three radiological predictor models
for the progression of proximal junctional kyphosis in adult degenerative scoliosis
following posterior corrective surgery: 113 cases with 2-years minimum follow-up.
Global Spine J., 21925682221079791 https://doi.org/10.1177/
21925682221079791.

Liao, J.C., Chen, W.J., 2022. The influences of spinopelvic parameters and associated
factors on development of proximal instrumented fracture after posterior
instrumentation. World Neurosurg 157, e308-e315. https://doi.org/10.1016/j.
wneu.2021.10.070.

Line, B.G., Bess, S., Lafage, R., et al., 2020. Effective prevention of proximal junctional
failure in adult spinal deformity surgery requires a combination of surgical implant
prophylaxis and avoidance of sagittal alignment overcorrection. Spine 45 (4),
258-267. https://doi.org/10.1097/BRS.0000000000003249.

Lord, E.L., Ayres, E., Woo, D., et al., 2021. The impact of global alignment and
proportion score and bracing on proximal junctional kyphosis in adult spinal
deformity. Global Spine J., 21925682211001812 https://doi.org/10.1177/
21925682211001812.

Management of Osteoporosis in Postmenopausal Women: The Position Statement of The
North American Menopause Society’’ Editorial, P, 2021. Management of
osteoporosis in postmenopausal women: the 2021 position statement of the North
American Menopause Society. Menopause 28 (9), 973-997. https://doi.org/
10.1097/GME.0000000000001831.

Matsumura, A., Namikawa, T., Kato, M., et al., 2018. Effect of different types of upper
instrumented vertebrae instruments on proximal junctional kyphosis following adult
spinal deformity surgery: pedicle screw versus transverse process hook. Asian Spine
J. 12 (4), 622-631. https://doi.org/10.31616/asj.2018.12.4.622.

McClendon Jr., J., Smith, T.R., Sugrue, P.A., et al., 2016. Spinal implant density and
postoperative lumbar lordosis as predictors for the development of proximal
junctional kyphosis in adult spinal deformity. World Neurosurg 95, 419-424.
https://doi.org/10.1016/j.wneu.2016.08.008.

McDonnell, J.M., Ahern, D.P., Lui, D.F,, et al., 2020. Two-stage anterior and posterior
fusion versus one-stage posterior fusion in patients with Scheuermann’s kyphosis.
Bone Joint Lett. J 102-B (10), 1368-1374. https://doi.org/10.1302/0301-
620X.102B10.BJJ-2020-0273.R3.

Moon, H.J., Bridwell, K.H., Theologis, A.A., et al., 2020. Thoracolumbar junction
orientation: a novel guide for sagittal correction and proximal junctional kyphosis
prediction in adult spinal deformity patients. Neurosurgery 88 (1), 55-62. https://
doi.org/10.1093/neuros/nyaa311.

Mustafa, R.A., Santesso, N., Brozek, J., et al., 2013. The GRADE approach is reproducible
in assessing the quality of evidence of quantitative evidence syntheses. J. Clin.
Epidemiol. 66 (7), 736-742. https://doi.org/10.1016/j.jclinepi.2013.02.004 quiz
742 el-5.

Nasto, L.A., Perez-Romera, A.B., Shalabi, S.T., et al., 2016. Correlation between
preoperative spinopelvic alignment and risk of proximal junctional kyphosis after
posterior-only surgical correction of Scheuermann kyphosis. Spine J. 16 (4 Suppl. 1),
$26-S33. https://doi.org/10.1016/j.spinee.2015.12.100.

Nicholls, F.H., Bae, J., Theologis, A.A., et al., 2017. Factors associated with the
development of and revision for proximal junctional kyphosis in 440 consecutive
adult spinal deformity patients. Spine 42 (22), 1693-1698. https://doi.org/10.1097/
BRS.0000000000002209.

O’Shaughnessy, B.A., Bridwell, K.H., Lenke, L.G., et al., 2012. Does a long-fusion "T3-
sacrum" portend a worse outcome than a short-fusion "T10-sacrum” in primary
surgery for adult scoliosis? Spine 37 (10), 884-890. https://doi.org/10.1097/
BRS.0b013e3182376414.

Ohba, T., Ebata, S., Oba, H., et al., 2018. Correlation between postoperative distribution
of lordosis and reciprocal progression of thoracic kyphosis and occurrence of
proximal junctional kyphosis following surgery for adult spinal deformity. Clin.
Spine Surg. 31 (9), E466-E472. https://doi.org/10.1097/BSD.0000000000000702.

Ohba, T., Koji, F., Koyama, K., et al., 2022. Preoperative radiographic evaluation of
thoracic flexibility and compensation for adult spinal deformity surgery. How to
select optimal upper instrumented vertebra to prevent proximal junctional kyphosis.
Spine 47 (2), 144-152. https://doi.org/10.1097/BRS.0000000000004126.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., et al., 2021. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. Syst. Rev. 10 (1), 89. https://
doi.org/10.1186/513643-021-01626-4.

Park, Y.S., Hyun, S.J., Choi, H.Y., et al., 2017a. Association between bicortical screw
fixation at upper instrumented vertebra and risk for upper instrumented vertebra
fracture. J. Neurosurg. Spine 26 (5), 638-644. https://doi.org/10.3171/2016.10.
SPINE16535.

Park, S.J., Lee, C.S., Chung, S.S., et al., 2017b. Different risk factors of proximal
junctional kyphosis and proximal junctional failure following long instrumented
fusion to the sacrum for adult spinal deformity: survivorship analysis of 160 patients.
Neurosurgery 80 (2), 279-286. https://doi.org/10.1227/NEU.0000000000001240.


https://doi.org/10.1177/2192568220935438
https://doi.org/10.1177/2192568220935438
https://doi.org/10.1007/s43390-021-00420-5
https://doi.org/10.5152/j.aott.2022.21255
https://doi.org/10.5152/j.aott.2022.21255
https://doi.org/10.1016/j.spinee.2021.03.009
https://doi.org/10.1016/j.spinee.2021.03.009
https://doi.org/10.31616/asj.2020.0016
https://doi.org/10.31616/asj.2020.0016
https://doi.org/10.1016/j.jspd.2013.05.008
https://doi.org/10.1097/BRS.0b013e3181c77f8c
https://doi.org/10.1097/BRS.0b013e3181c77f8c
https://doi.org/10.1097/BSD.0000000000001296
https://doi.org/10.1016/j.spinee.2016.05.008
https://doi.org/10.1016/j.spinee.2016.05.008
https://doi.org/10.1097/BRS.0000000000003468
https://doi.org/10.1097/BRS.0000000000003468
https://doi.org/10.1177/2192568220976560
https://doi.org/10.1177/2192568220976560
https://doi.org/10.1097/BRS.0000000000004816
https://doi.org/10.1177/2192568220987188
https://doi.org/10.1177/2192568220987188
https://doi.org/10.1227/ONS.0000000000000076
https://doi.org/10.1227/ONS.0000000000000076
https://doi.org/10.1097/BRS.0b013e3181e9f120
https://doi.org/10.1016/j.jos.2020.03.016
https://doi.org/10.1097/BRS.0b013e31826d611b
https://doi.org/10.1097/BRS.0b013e31826d611b
https://doi.org/10.1097/BRS.0b013e3182815b42
https://doi.org/10.5435/JAAOS-D-14-00393
https://doi.org/10.3340/jkns.2016.0707.014
https://doi.org/10.1177/2192568219879085
https://doi.org/10.1016/j.wneu.2022.01.046
https://doi.org/10.1016/j.wneu.2022.01.046
https://doi.org/10.1097/BRS.0000000000002191
https://doi.org/10.1097/BRS.0000000000002191
https://doi.org/10.1177/2192568219882350
https://doi.org/10.1177/2192568219882350
https://doi.org/10.1097/BRS.0000000000000627
https://doi.org/10.1097/BRS.0000000000000627
https://doi.org/10.3109/02688697.2013.835369
https://doi.org/10.1111/os.12645
https://doi.org/10.1177/21925682221079791
https://doi.org/10.1177/21925682221079791
https://doi.org/10.1016/j.wneu.2021.10.070
https://doi.org/10.1016/j.wneu.2021.10.070
https://doi.org/10.1097/BRS.0000000000003249
https://doi.org/10.1177/21925682211001812
https://doi.org/10.1177/21925682211001812
https://doi.org/10.1097/GME.0000000000001831
https://doi.org/10.1097/GME.0000000000001831
https://doi.org/10.31616/asj.2018.12.4.622
https://doi.org/10.1016/j.wneu.2016.08.008
https://doi.org/10.1302/0301-620X.102B10.BJJ-2020-0273.R3
https://doi.org/10.1302/0301-620X.102B10.BJJ-2020-0273.R3
https://doi.org/10.1093/neuros/nyaa311
https://doi.org/10.1093/neuros/nyaa311
https://doi.org/10.1016/j.jclinepi.2013.02.004
https://doi.org/10.1016/j.spinee.2015.12.100
https://doi.org/10.1097/BRS.0000000000002209
https://doi.org/10.1097/BRS.0000000000002209
https://doi.org/10.1097/BRS.0b013e3182376414
https://doi.org/10.1097/BRS.0b013e3182376414
https://doi.org/10.1097/BSD.0000000000000702
https://doi.org/10.1097/BRS.0000000000004126
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.3171/2016.10.SPINE16535
https://doi.org/10.3171/2016.10.SPINE16535
https://doi.org/10.1227/NEU.0000000000001240

P.B. Haldeman et al.

Park, H.Y., Ha, K.Y., Kim, Y.H,, et al., 2018. Minimally invasive lateral lumbar interbody
fusion for adult spinal deformity: clinical and radiological efficacy with minimum
two years follow-up. Spine 43 (14), E813-E821. https://doi.org/10.1097/
BRS.0000000000002507.

Park, H.Y., Kim, Y.H., Kim, S.L, et al., 2020a. Two different types of postoperative
sagittal imbalance after long instrumented fusion to the sacrum for degenerative
sagittal imbalance. J. Neurosurg. Spine 1-10. https://doi.org/10.3171/2020.4.
SPINE20153.

Park, S.W., Ko, M.J., Kim, Y.B,, et al., 2020c. Correction of marked sagittal deformity
with circumferential minimally invasive surgery using oblique lateral interbody
fusion in adult spinal deformity. J. Orthop. Surg. Res. 15 (1), 13. https://doi.org/
10.1186/513018-020-1545-7.

Pennington, Z., Cottrill, E., Ahmed, A.K., et al., 2019. Paraspinal muscle size as an
independent risk factor for proximal junctional kyphosis in patients undergoing
thoracolumbar fusion. J. Neurosurg. Spine 31 (3), 380-388. https://doi.org/
10.3171/2019.3.SPINE19108.

Pinter, Z.W., Mikula, A.L., Townsley, S.E., et al., 2023. Lower Hounsfield units and severe
multifidus sarcopenia are independent predictors of increased risk for proximal
junctional kyphosis and failure following thoracolumbar fusion. Spine 48 (4),
223-231. https://doi.org/10.1097/BRS.0000000000004517.

Protopsaltis, T.S., Diebo, B.G., Lafage, R., et al., 2018. Identifying thoracic compensation
and predicting reciprocal thoracic kyphosis and proximal junctional kyphosis in
adult spinal deformity surgery. Spine 43 (21), 1479-1486. https://doi.org/10.1097/
BRS.0000000000002843.

Rahmani, R., Sanda, M., Sheffels, E., et al., 2022. The efficacy of prophylactic
vertebroplasty for preventing proximal junctional complications after spinal fusion:
a systematic review. Spine J. 22 (12), 2050-2058. https://doi.org/10.1016/j.
spinee.2022.07.104.

Raman, T., Miller, E., Martin, C.T., et al., 2017. The effect of prophylactic vertebroplasty
on the incidence of proximal junctional kyphosis and proximal junctional failure
following posterior spinal fusion in adult spinal deformity: a 5-year follow-up study.
Spine J. 17 (10), 1489-1498. https://doi.org/10.1016/j.spinee.2017.05.017.

Sakuma, T., Kotani, T., Akazawa, T., et al., 2021. Incidence, risk factors, and prevention
strategy for proximal junctional kyphosis in adult spinal deformity surgery. Spine
Surg Relat Res 5 (2), 75-80. https://doi.org/10.22603/ssrr.2020-0093.

Sardar, Z.M., Kim, Y., Lafage, V., et al., 2021. State of the art: proximal junctional
kyphosis-diagnosis, management and prevention. Spine Deform 9 (3), 635-644.
https://doi.org/10.1007/543390-020-00278-z.

Sebaaly, A., Riouallon, G., Obeid, I, et al., 2018a. Proximal junctional kyphosis in adult
scoliosis: comparison of four radiological predictor models. Eur. Spine J. 27 (3),
613-621. https://doi.org/10.1007/s00586-017-5172-x.

Shlobin, N.A., Le, N., Scheer, J.K., et al., 2022. State of the evidence for proximal
junctional kyphosis prevention in adult spinal deformity surgery: a systematic
review of current literature. World Neurosurg 161, 179-189 el. https://doi.org/
10.1016/j.wneu.2022.02.063.

Sun, X.Y., Zhang, X.N., Hai, Y., 2017. Optimum pelvic incidence minus lumbar lordosis
value after operation for patients with adult degenerative scoliosis. Spine J. 17 (7),
983-989. https://doi.org/10.1016/j.spinee.2017.03.008.

Takasawa, E., Kawamura, N., lizuka, Y., et al., 2022. The standing T1-L1 pelvic angle: a
useful radiographic predictor of proximal junctional kyphosis in adult spinal
deformity. J. Neurosurg. Spine 36 (4), 609-615. https://doi.org/10.3171/2021.7.
SPINE21571.

Taneichi, H., Inami, S., Moridaira, H., et al., 2020. Can we stop the long fusion at L5 for
selected adult spinal deformity patients with less severe disability and less complex

Brain and Spine 4 (2024) 102807

deformity? Clin. Neurol. Neurosurg. 194, 105917 https://doi.org/10.1016/j.
clineuro.2020.105917.

Theologis, A.A., Burch, S., 2015. Prevention of acute proximal junctional fractures after
long thoracolumbar posterior fusions for adult spinal deformity using 2-level cement
augmentation at the upper instrumented vertebra and the vertebra 1 level proximal
to the upper instrumented vertebra. Spine 40 (19), 1516-1526. https://doi.org/
10.1097/BRS.0000000000001043.

Tsutsui, S., Hashizume, H., Yukawa, Y., et al., 2022. Optimal anchor at the uppermost
instrumented vertebra in long fusion from the pelvis to the lower thoracic spine in
elderly patients with degenerative spinal deformity: hook versus pedicle screw. Clin.
Spine Surg. 35 (1), E280-E284. https://doi.org/10.1097/BSD.0000000000001204.

Vital, L., Nunes, B., Santos, S.A., et al., 2021. Sagittal plane alignment and functional
outcomes following surgery for scheuermann kyphosis. Rev Bras Ortop (Sao Paulo)
56 (4), 446-452. https://doi.org/10.1055/5-0041-1724078.

Wang, H., Ma, L., Yang, D., et al., 2016. Incidence and risk factors for the progression of
proximal junctional kyphosis in degenerative lumbar scoliosis following long
instrumented posterior spinal fusion. Medicine (Baltim.) 95 (32), e4443. https://doi.
org/10.1097/MD.0000000000004443.

Yagi, M., Rahm, M., Gaines, R., et al., 2014. Characterization and surgical outcomes of
proximal junctional failure in surgically treated patients with adult spinal deformity.
Spine 39 (10), E607-E614. https://doi.org/10.1097/BRS.0000000000000266.

Yagi, M., Suzuki, S., Okada, E., et al., 2022. Sublaminar tethers significantly reduce the
risk of proximal junctional failure in surgery for severe adult spinal deformity: a
propensity score-matched analysis. Clin. Spine Surg. 35 (5), E496-E503. https://doi.
org/10.1097/BSD.0000000000001294.

Yan, P., Bao, H., Qiu, Y., et al., 2017. Mismatch between proximal rod contouring and
proximal junctional angle: a predisposed risk factor for proximal junctional kyphosis
in degenerative scoliosis. Spine 42 (5), E280-E287. https://doi.org/10.1097/
BRS.0000000000001883.

Yao, Y.C., Elysee, J., Lafage, R., et al., 2021b. Preoperative Hounsfield units at the
planned upper instrumented vertebrae may predict proximal junctional kyphosis in
adult spinal deformity. Spine 46 (3), E174-E180. https://doi.org/10.1097/
BRS.0000000000003798.

Yasuda, T., Hasegawa, T., Yamato, Y., et al., 2017. Proximal junctional kyphosis in adult
spinal deformity with long spinal fusion from T9/T10 to the ilium. J. Spine Surg. 3
(2), 204-211. https://doi.org/10.21037/jss.2017.06.04.

Yilgor, C., Yavuz, Y., Sogunmez, N., et al., 2018. Relative pelvic version: an
individualized pelvic incidence-based proportional parameter that quantifies pelvic
version more precisely than pelvic tilt. Spine J. 18 (10), 1787-1797. https://doi.org/
10.1016/j.spinee.2018.03.001.

Zhang, T.T., Ding, J.Z., Kong, C., et al., 2022. Paraspinal muscle degeneration and lower
bone mineral density as predictors of proximal junctional kyphosis in elderly
patients with degenerative spinal diseases: a propensity score matched case-control
analysis. BMC Muscoskel. Disord. 23 (1), 1010. https://doi.org/10.1186/s12891-
022-05960-z.

Zhao, J., Yang, M., Yang, Y., et al., 2018. Proximal junctional kyphosis in adult spinal
deformity: a novel predictive index. Eur. Spine J. 27 (9), 2303-2311. https://doi.
org/10.1007/s00586-018-5514-3.

Zhu, Z.Z., Chen, X., Qiu, Y., et al., 2018. Adding satellite rods to standard two-rod
construct with the use of duet screws: an effective technique to improve surgical
outcomes and preventing proximal junctional kyphosis in posterior-only correction
of scheuermann kyphosis. Spine 43 (13), E758-E765. https://doi.org/10.1097/
BRS.0000000000002489.


https://doi.org/10.1097/BRS.0000000000002507
https://doi.org/10.1097/BRS.0000000000002507
https://doi.org/10.3171/2020.4.SPINE20153
https://doi.org/10.3171/2020.4.SPINE20153
https://doi.org/10.1186/s13018-020-1545-7
https://doi.org/10.1186/s13018-020-1545-7
https://doi.org/10.3171/2019.3.SPINE19108
https://doi.org/10.3171/2019.3.SPINE19108
https://doi.org/10.1097/BRS.0000000000004517
https://doi.org/10.1097/BRS.0000000000002843
https://doi.org/10.1097/BRS.0000000000002843
https://doi.org/10.1016/j.spinee.2022.07.104
https://doi.org/10.1016/j.spinee.2022.07.104
https://doi.org/10.1016/j.spinee.2017.05.017
https://doi.org/10.22603/ssrr.2020-0093
https://doi.org/10.1007/s43390-020-00278-z
https://doi.org/10.1007/s00586-017-5172-x
https://doi.org/10.1016/j.wneu.2022.02.063
https://doi.org/10.1016/j.wneu.2022.02.063
https://doi.org/10.1016/j.spinee.2017.03.008
https://doi.org/10.3171/2021.7.SPINE21571
https://doi.org/10.3171/2021.7.SPINE21571
https://doi.org/10.1016/j.clineuro.2020.105917
https://doi.org/10.1016/j.clineuro.2020.105917
https://doi.org/10.1097/BRS.0000000000001043
https://doi.org/10.1097/BRS.0000000000001043
https://doi.org/10.1097/BSD.0000000000001204
https://doi.org/10.1055/s-0041-1724078
https://doi.org/10.1097/MD.0000000000004443
https://doi.org/10.1097/MD.0000000000004443
https://doi.org/10.1097/BRS.0000000000000266
https://doi.org/10.1097/BSD.0000000000001294
https://doi.org/10.1097/BSD.0000000000001294
https://doi.org/10.1097/BRS.0000000000001883
https://doi.org/10.1097/BRS.0000000000001883
https://doi.org/10.1097/BRS.0000000000003798
https://doi.org/10.1097/BRS.0000000000003798
https://doi.org/10.21037/jss.2017.06.04
https://doi.org/10.1016/j.spinee.2018.03.001
https://doi.org/10.1016/j.spinee.2018.03.001
https://doi.org/10.1186/s12891-022-05960-z
https://doi.org/10.1186/s12891-022-05960-z
https://doi.org/10.1007/s00586-018-5514-3
https://doi.org/10.1007/s00586-018-5514-3
https://doi.org/10.1097/BRS.0000000000002489
https://doi.org/10.1097/BRS.0000000000002489

	An evidence based conceptual framework for the multifactorial understanding of proximal junctional kyphosis
	1 Introduction
	2 Methods
	3 Results
	3.1 Study selection
	3.2 Quality assessment
	3.3 Publication focus and significance rate
	3.4 Risk factors driving PJK (Table 2)
	3.4.1 Mechanical risk factors
	3.4.2 Tissue-based risk factors
	3.4.3 Demographic risk factors


	4 Discussion
	Funding
	Availability of data and material
	Code availability
	Ethics approval
	Consent to participate
	Consent for publication
	Declaration of competing interest
	Appendix A Supplementary data
	References




